Soluble and thylakoid membrane proteins of jasmonic acid (JA)-treated and salt-stressed barley (Hordeum vulgare L.) seedlings were investigated using 15% sodium dodecyl sulfate-polyacrylamide slab gel electrophoresis. High JA concentrations induced marked quantitative and qualitative changes in polypeptide profiles conceming mainly the proteins with approximately equal mobility, as in NaCI-stressed plants. The most obvious increase in thylakold polypeptide band intensity was at 55 to 57 kilodaltons (kD). The relative share of some polypeptides with apparent molecular masses above 66 kD and of polypeptides with lower molecular masses In the region of 20.5 to 15 kD was enhanced. At the same time, one new band at 31 to 31.5 kD was well expressed at 25 and 250 micromolar JA concentrations and became discemible in the 100 micromolar NaCI-treated plants. The Intensity of some polypeptides of soluble proteins (molecular masses of 60, 47, 37, 30, and 23.4 kD) increased with increasing JA concentration, whereas the intensities of other polypeptide bands (55, 21.4, and 15 kD) decreased. Enhanced levels of 60-, 47-, 34-, and 30-kD polypeptides and reduced levels of 55-and 15-kD polypeptides were present in NaCI-treated plants. The appearance of one new polypeptide, of 25.1 kD, was observed only in NaCI-treated plants. At 100 millimolar NaCI, an eighffold increase In proline content was observed while at 250 micromolar JA, the proline content was threefold over the control. It is hypothesized that exogenously applied jasmonates act as stress agents. As such, they provoke alterations in the proline content and they can modulate typical stress responses by induction of stress proteins.
During their growth and development, plants are subjected to a variety of environmental stresses such as heat, drought, cold, salt, and anaerobiosis. One approach to understanding the ability of plants to tolerate environmental stresses is to identify stress-induced changes in the levels of individual proteins, with the assumption that adaptation to stress is the result of altered gene expression (15) .
Changes in proteins (from inhibition of synthesis of a great number of proteins to the induction of synthesis of new sets ofproteins) can result from a variety ofenvironmental stresses such as heat shock (16) , anaerobiosis (34) , water stress (10) , cold acclimation (7) , and salt stress (1 1) .
Two specific plant reactions to stress are the accumulation ' This work was supported by funds from the Institute of Plant
Physiology at the Bulgarian Academy of Sciences.
ofhigh levels of ABA and proline. ABA accumulates in leaves of most plants during water stress (14) , high and low temperature stress (9) , and salt stress (37) . The suggestion has been made that the production of ABA is a common response to a variety of environmental stresses (9) . Although several modes of action of the so-called classic phytohormones (auxins, cytokinins, gibberellins, ABA, and ethylene) and some putative plant growth regulators such as polyamines and jasmonates are hypothesized, the general opinion points to their primary actions at the level of gene expression. Applied exogenously, these substances can induce physiological changes identical with characteristic parts of the stress responses (4, 25, 26) . Farmer and Ryan (12) demonstrated that a highly sensitive mechanism is present in Solanaceae and Fabaceae families that can activate plant-defensive genes in response to volatile methyljasmonate.
Plant physiological responses to environmental stresses result in slower growth and photosynthetic rate, leading finally to yield reduction. To a certain extent, the action of ABA is similar to the effect of JA2, its methyl ester (JA-Me), and salt stress on a number of photosynthetic parameters. Exogenous treatment of barley seedlings with ABA and JA reduces the rate ofphotosynthetic CO2 fixation and the activity ofribulose bisphosphate carboxylase increases the rate of photorespiration, and increases both the CO2 compensation point and stomatal resistance (28, 29) . ABA and JA applications at concentrations of 25 and 250 ,M, respectively, lead simultaneously to changes ofphotosynthetic light reactions connected with chloroplast thylakoid membranes. Maslenkova et al. (20, 21) have established inhibition of the Hill reaction activity and some changes in the kinetic characteristics of the flashinduced 02 evolution, which probably are determined by changes in the chloroplast membrane structure during a prolonged treatment with ABA and JA.
Both substances induce synthesis and accumulation of several abundant and specific polypeptides. ABA-and JA-induced polypeptides are identical, and the assumption is that their synthesis takes place on cytoplasmic ribosomes (37) . The action ofjasmonates resembles certain aspects ofABA action, but differs in other aspects, e.g. JA-Me is unable to replace ABA for the induction of a-amylase or other enzymes in barley aleurone layers (24).
In this work, we have investigated the effect of exogenous application of JA and increasing NaCl concentrations on the polypeptide composition of soluble and thylakoid membrane proteins. We are interested in specific polypeptide changes, characteristic for salt and JA treatments, that eventually could be related to determining functional characteristics. The assumption is that exogenously applied jasmonates, as presumed stressors, provoke alterations in the proline content and can modulate typical stress responses by induction of stress protein.
MATERIALS AND METHODS

Plant Material
Seeds of barley (Hordeum vulgare L., var Alfa) were germinated for 2 d in two layers of moist filter paper in moist vermiculite at 25°C in the dark. Then they were transferred into Petri dishes containing 40 mL distilled water or equal amounts of water solution from the required JA and NaCl concentrations (2.5- 
Thylakoid Membrane Preparation
Barley thylakoid membranes were isolated as described by Camm and Green (6) and were suspended in a medium containing 0.4 M sucrose, 10 mm NaCl, 5 mM MgCl2, and 40 mM Hepes-NaOH, pH 7.5.
Gel Electrophoresis
One-dimensional gel electrophoresis was performed according to the procedure of Laemmli (17) kD, well expressed in the control, was greatly decreased in JA-treated seedlings. (d) Among the polypeptides with higher molecular mass, two polypeptides, i.e. 74 and 76 kD, increased in the treated plants. Some other bands with higher molecular mass also increased; however, the resolution capacity of the gel did not allow us to obtain a better separation. Figure 5 shows SDS-extractable proteins from the controlsoluble fraction and from NaCl-grown seedlings. Proline content in leaves of barley seedlings grown for 7 d on JA and NaCl was determined (Table III) . In the experiments carried out with three levels ofNaCl treatments, proline levels were increased with increasing NaCl concentrations. The most prominent effect was at 100 mM NaCl, an eightfold rise as compared to the control. Proline accumulation as a response to salt stress is a well-known phenomenon in many plant species, including barley (5, 36 obviously clear that the changes in the electron transport capacity of membranes can provoke a decrease in the effectiveness of light utilization, leading thus to the observed decrease of CO2 fixation and enzyme activity. Our previous investigations (20) (21) (22) show that both salt stress and exogenous application of plant regulators, JA and ABA, inhibit PSII activity proceeding from the inhibition of steady-state 02 evolution (Hill reaction activity) and flash-induced O2 evolution pattern alterations. A higher degree of participation ofthe cooperative mechanism of 02 evolution connected with the functioning of PSII ,B-centers in the stroma-situated thylakoids was hypothesized and supported by EM data showing a disruption of the granal structure after prolonged salt stress (18) and exogenous application of ABA (8) and JA (32) .
The question arose: Are the observed chloroplast morphological and functional changes in the treated plants accompanied by changes in the thylakoid protein profiles? The analysis of polypeptide pattern obtained at the level of resolution capacity of our SDS-PAGE technique shows that the 7-d treatment with JA and NaCl visibly changes the polypeptide composition of the thylakoid membranes. A certain amount of the change concerns proteins with approximately equal electrophoretic mobility in both stress factors applied. We have observed a substantial enrichment (based on the intensity of Coomassie staining) of one polypeptide with an apparent molecular mass of 55 to 57 kD. Proteins that may contribute to occurrence of bands in this region are, for example, the 13-subunit of coupling factor 1 (13) have observed the appearance of one 31-kD polypeptide that correlates with modification of lightharvesting Chl a/b complex in maize leaves exposed to chilling temperatures. According to these authors, accumulation of this protein could be an important factor for the determination of chill-induced decrease in the PSII photochemistry and carbon assimilation quantum yield (2) . The 3 1-kD polypeptide was immunologically attributed to Chl a/b protein complex tightly associated with PSII, which plays an important role in the mediation of the electron transport from lightharvesting Chl a/b complex to PSII. Similar profile changes after both JA and NaCl treatment are observed in the region of lower molecular masses 20.5 to 15 kD, at which some polypeptides of unknown origin increase quantitatively with the increase of stress factor concentration.
We assume that the differences between the polypeptide profiles reflect some structural differences between the control membranes and those of the treated barley seedlings, and that they may be related to the functional differences in PSII reaction activity and 02 evolution. The observed changes can refer either to the sensitivity of thylakoid membranes towards the stress or to tolerance, with either requiring the synthesis of new proteins. It is quite clear that further isolation and characterization of chloroplast membrane proteins is needed to allow an unequivocal determination of the origin of these proteins and their roles in photosynthetic reactions under conditions of salinity and JA treatment.
In addition to the well-known role of ATP and NADPH on the rate of photosynthetic CO2 fixation, the level and the activity of photosynthetic enzymes are of substantial impor- (27) . In our recent communication (33) , we stated that in plants grown on JA and NaCl, a substantial increase of the cytoplasmic localized CA was observed (33 (27) when comparing ABA and JA effects on polypeptides.
